A number of infectious, inflammatory and idiopathic lesions develop within otologic tissues that may share similar clinical and/or microscopic features. This review first provides a working classification for otitis externa, and then otitis media and includes two recently described entities, eosinophilic otitis media and otitis media with ANCA-associated vasculitis. Next, the microscopic findings of a spectrum of otopathologic conditions are described, including post-inflammatory conditions such as tympanosclerosis and aural polyps, an overview of animate aural foreign body as well as iatrogenic aural foreign body reactions. Finally, a review of fungal disease affecting the ear with a brief synopsis of Candida auris, a recently described and virulent organism, is presented.
Introduction
Otitis externa (OE) refers to a relatively broad group of infectious/inflammatory conditions affecting the external ear and external auditory canal (EAC) that includes acute (diffuse) otitis externa, acute localized otitis externa, chronic otitis externa, necrotizing otitis externa, otomycosis, herpetic otitis and radiation-associated otitis (Table 1) . Most times, distinguishing between variants of OE is based clinically upon parameters such as the patient's signs, symptoms, site of involvement, clinical history and time course of the disease. In some settings, tissue sampling for microscopic examination can facilitate OE classification and/or exclusion of competing entities in the clinical differential diagnosis. With this in mind, the clinical and histologic findings of chronic otitis externa, and necrotizing otitis externa are examined in greater detail with otomycosis discussed in 'Fungal Diseases of the Ear' [1] .
Chronic Otitis Externa
Background Chronic otitis externa (chronic OE) is a common condition affecting the external ear and EAC. Despite a relatively narrow clinical phenotype, chronic OE is associated with a diverse spectrum of underlying etiologic factors.
3
Chronic OE can occur as a result of idiopathic or autoimmune diseases with the potential for systemic involvement such as amyloidosis, sarcoidosis, or granulomatosis with polyangiitis, localized infectious and/or inflammatory conditions of the external ear (example: unresolved acute bacterial or fungal external otitis) or, as an aural extension of a primary dermatologic condition. The latter encompasses a group of primary dermatologic disorders collectively referred to as eczematous otitis externa (eczematous OE) when identified within the external ear or EAC. The dermatologic conditions most commonly implicated in eczematous OE include atopic, allergic or contact dermatitis (jewelry, lotions or cleaning products, hearing aids, etc.), psoriasis, and lupus [2] . In some patients, active middle ear disease with purulent drainage can macerate the lining of the external canal with cycles of acute and chronic inflammation and result in chronic OE [3] .
Compared to acute OE, pain is less often the presenting patient concern in chronic OE. Rather, the patient with chronic OE most often identifies aural discharge and relentless pruritus as being most problematic [2] . Chronic manipulation to relieve itch and/or address aural discharge leads to repeated cycles of excoriation, inflammation, and healing that increases the risk for a superimposed acute infection requiring treatment in order to stabilize the ear. Clinically, chronic OE most often appears as one of two general forms present for at least 3 months in duration: a scaly, dry ear with hypertrophic tissues and possible scattered erythematous areas along canal skin, or as a moist, oozing, edematous, erythematous, fissured ear and canal. Physical exam findings in chronic OE vary depending on the underlying etiology, and whether or not an acute exacerbation is present. Chronic OE can be unilateral or bilateral [2] . Since the clinical appearance of chronic OE represents a common pathway for one or more underlying diseases, additional testing such as tissue sampling, may be helpful in delineating the etiology.
Histopathologic Findings Biopsy sampling of the affected tissues are evaluated for the presence of chronic granulomatous inflammation, superficial dermatophyte infection, a spectrum of inflammatory dermatopathology including subacute and chronic spongiotic dermatides, and reactive changes such as hyperkeratosis, hypergranulosis, reactive epithelial hyperplasia (pseudoepitheliomatous hyperplasia), acanthosis and papillary dermal fibrosis. Surgeons are keenly aware that in situ or invasive squamous cell carcinoma occurring within the ear canal can clinically mimic chronic OE and submit tissue samples to evaluate for the presence of malignancy. Distinction between a well-differentiated squamous carcinoma and small tangentially oriented fragments of reactive epithelial hyperplasia (pseudoepitheliomatous hyperplasia) with adjacent inflammation may represent a diagnostic challenge in some cases.
Treatment Treatment of chronic OE is based on identifying the underlying causes where possible, eliminating predisposing or exacerbating factors and educating the patient on aural care to optimize local conditions and avoid local irritation [2, 3] . Though material from the canal can be submitted for culture if bacterial or fungal infection is suspected, results may be inconclusive in a patient who has been using topical or oral antibiotic therapy [1] . Over time, chronic OE results in hypertrophy of the EAC skin and subepithelial tissues that narrow the lumen of the external ear canal (acquired canal fibrosis) contributing to conductive hearing loss [1] . Aside from biopsy sampling, surgery is rarely indicated for chronic OE unless surgery to remove medial canal fibrosis is being considered [2] .
Necrotizing Otitis Externa (NOE)
Background Necrotizing (malignant) otitis externa is an aggressive, potentially life threatening infection occurring at the junction of the osseous and cartilaginous external auditory canal that can clinically resemble acute OE in its early stages [4] . Infection and inflammation spread from the osteocartilaginous junction or osseous canal along various anatomic routes; posteriorly toward the mastoid process, anteriorly/inferiorly via the fissures of Santorini (Fig. 1a-e) toward the temporomandibular joint, parotid and cervicofascial spaces or medially into the skull base/petrous apex. The first English language description is credited to Meltzer in 1959 [5] , followed by a more complete understanding of the disease in 1968 by Chandler, who coined the term malignant otitis externa in view of the high rate of disease specific mortality at this period of time [6] . Subsequently, Evans and Richards introduced the term necrotizing otitis externa (NOE) [7] . Malignant otitis externa and necrotizing otitis externa are terms that have endured over time in the literature and both are used and accepted [8] . The term NOE is used in the remainder of this discussion.
NOE predominantly affects elderly patients, and patients with diabetes or other conditions resulting in immunodeficiency [4, [9] [10] [11] . It has been suggested that microangiopathy or altered immune function increases the risk of developing infection or perpetuates infection in the area [12, 13] . Men are more often affected by NOE. 11 Classically, the infectious agent most commonly associated with NOE is Pseudomonas aeruginosa but other bacterial and fungal agents may be seen [10, 13, 14] . In one series, the second most common pathogen identified after bacteria, was fungi (Aspergillus sp. or Candida sp.) in over a third of patients [10] . Culture data is critical to distinguish fungal from bacterial infection, and also to identify organisms with multidrug resistance.
The symptoms and clinical presentation of NOE consist of a unilateral and unremitting, severe otalgia that radiates to the jaw and frequently is nocturnal [10, 12] . Headache may be present but fever, tachycardia and other signs of severe infection are often absent. On clinical examination, otorrhea, edema of the EAC, and ulceration of the skin and formation of granulation tissue at the osteocartilaginous portion of the canal may be identified [12] . Cranial nerve palsies, most commonly affecting the facial nerve, occur later in the disease process [9, 11] . Depending on the examination findings, acute OE, acute exacerbation of chronic OE, otomycosis, foreign body, osteomyelitis and malignancy such as squamous cell carcinoma may fall within the clinical differential at osteocartilaginous junction (H&E, 25x). d Histologic cross section through osseous EAC (H&E, 12x). e Composite resection sectioned lateral to medial through external ear, long axis of EAC and surrounding tissues resected for infiltrating squamous cell carcinoma. White arrows highlight fissures of Santorini diagnosis of NOE. With imaging, computed tomography (CT) detects bone erosion in the canal and skull base, formation of abscess collection and extension into adjacent structures. A negative CT scan does not exclude NOE, as it is possible that early minimal bone destruction may be undetectable in the initial phase of the disease [8] [9] [10] .
Histopathologic Findings
In health, a thin layer of stratified squamous epithelium lines the dense fibrous connective tissue layer along the osseous EAC. Dense subepithelial fibrous tissue is present at the osteocartilaginous junction and regions of the osseous canal (Fig. 1c, d ). In patients with NOE, biopsy samples taken from the osseous EAC area may reveal ulceration/loss of the overlying epithelium, with bacteria and inflammation extending into the dense fibrous connective tissue layer (Fig. 2a, b) [15] . Where canal epithelium remains intact, reactive changes ranging from mild hyperplasia to prominent pseudoepitheliomatous hyperplasia are present. Marked, and often full thickness acute and chronic inflammation including abscess formation is common (Fig. 2c, d ). In biopsy samples overlying the cartilaginous canal, inflammation extends into the apopilosebaceous apparatus. Reactive capillary proliferation is evident within the granulation tissue [16] . Non-viable bone fragments with associated inflammation may be present for evaluation. Chronic granulomatous inflammation with granuloma formation is not associated with NOE. Identification of microorganisms (bacterial/fungal) is often augmented by special stains performed on tissue. The extent of the work up may be influenced by concomitant culture material results and whether organisms have been identified. In one study, nearly a third of cultures failed to show growth [14] . In culturenegative NOE, the Pathology team may be consulted in select cases to evaluate the utility of pursuing testing such as a polymerase chain reaction (PCR) assay on tissue samples in order to maximize the possibility of detecting fungal or bacterial elements [4] .
Differential Diagnosis Pseudoepitheliomatous hyperplasia admixed with marked inflammation can be challenging to differentiate from very well differentiated squamous carcinoma. The presence of NOE does not exclude the possibility of invasive carcinoma, as these diseases have been reported to occur concurrently [17] . In the setting of prior radiation therapy for malignancy, the presence of inflammation, granulation tissue and non-viable inflamed bone could appear similar to osteoradionecrosis. Grocott's methenamine silver for fungal organisms (GMS) or periodic acid-Schiff (PAS) can be employed to evaluate for the presence of fungal forms.
Treatment Management of NOE consists of local wound care, systemic antibiotic treatment ideally guided by cul- ture data and sensitivities, and where applicable, control of blood glucose. Surgery is reserved for local debridement or diagnostic procedures such as deep tissue sampling for biopsy and/or culture [4] . Antifungal therapy is based upon detection of fungal organisms [10] . NOE readily involves the underlying bone and most agree that the duration of antibiotic treatment should approach 6 weeks at least, similar to other forms of osteomyelitis.
Otitis Media

Introduction
Otitis media (OM) is a non-specific term that refers to a spectrum of diseases affecting the middle ear most commonly including acute otitis media, chronic otitis media with effusion and chronic suppurative otitis media [18] . In most cases, the features of acute otitis media and chronic otitis media with effusion can be recognized clinically and managed without the need for histologic evaluation of tissue. In chronic suppurative otitis media, the diagnosis and management may be impacted by histologic findings such as the presence of a specific infection or cholesteatoma among other possible findings. Rare forms of otitis media such as eosinophilic otitis media and otitis media with ANCA-associated vasculitis (OMAAV) may mimic clinical features of chronic suppurative OM but have microscopic findings to allow distinction from chronic suppurative OM which are further discussed in this section ( Table 2) .
Chronic Suppurative Otitis Media
Background Chronic suppurative OM is a chronic, inflammatory process affecting the middle ear and/or mastoid cavity with persistent or recurrent ear discharge entering the EAC through a defect in the tympanic membrane (TM) [18] . In addition to otorrhea, otalgia and hearing loss may be present. Transitioning to a clinical diagnosis of chronic OM from an acute episode is dependent on time, though the exact timing is a matter of debate and ranges from several weeks to several months. Chronic suppurative OM affects millions of children and adults worldwide and the process can result in damage to middle and inner ear structures, leading to hearing loss and in rare instances, intracranial complications [18, 19] . Many factors play a role in the development and/or perpetuation of chronic suppurative OM including those related to the pathogen, environment, local anatomy, host genetics, immunity and host response but further analysis is beyond the scope of this review [20, 21] . Diagnostic modalities for OM rely on patient history, symptoms, specialized in-office examination techniques to evaluate the TM and middle ear, as well as imaging, intraoperative examination and in many cases, supportive histologic findings.
Histopathologic Findings Histologic findings will be influenced by the disease state and signs of a chronic, or activechronic process can lead to changes in the middle ear epithelium, the subepithelial tissues and/or sampled bone. The mucosa of the middle ear cleft is normally surfaced by low cuboidal epithelium and underlying delicate connective tissue, essentially a mucoperiosteum lining bony cavity walls with few or rare goblet intraepithelial cells and normally devoid of glands (Fig. 3a) . In response to inflammation, the middle ear epithelium becomes more reminiscent of the lining of the rest of the respiratory tract with the proliferation of goblet cells, columnar cells and in some cases epithelial hyperplasia [20] . Glandular transformation or glandular metaplasia of the epithelium occurs, also referred to as otomastoiditis cystica and glandularis [22] . This inflamed, altered epithelium with glandular metaplasia invaginates into the underlying stroma and imparts the appearance of haphazardly distributed glands separated by variably inflamed fibrotic or edematous stromal tissues. Regions of ciliated epithelium may be identified and the cuboidal middle ear epithelium may or may not be seen (Fig. 3b-c) [23] . Glands may be empty or contain mucoserous secretions ( Fig. 3b-f) . The presence of stratified squamous epithelium identified within a specimen labeled 'middle ear contents' is viewed as abnormal. Stratified squamous epithelium may represent squamous metaplasia, migration of epithelium from the external ear or cholesteatoma. In addition, small detached segments of squamous epithelium could also represent the damaged TM remnant that has been surgically removed and included in the submitted sample. The primary concern regarding the presence of keratinizing stratified squamous epithelium is determining the presence of cholesteatoma, making clinical correlation absolutely essential [24] . There is variation in the degree of inflammation and the infiltrate is composed of acute and/or chronic inflammation with lymphocytes, plasma cells, foamy histiocytes and occasional eosinophils. Inflamed middle ear mucosa with granulation tissue forming a clinically polypoid silhouette exists along a continuum with aural polyp (see Aural (Otic) Polyp). In addition to aural polyps, other incidental histologic findings may be observed in middle ear tissues of chronic suppurative OM including cholesterol granuloma, foreign body reaction to surgical materials, tympanosclerosis (see Tympanosclerosis), keratin granuloma, cholesteatoma and rarely, mucosal associated lymphoid tissue (Fig. 3g, h ) [24, 25] .
Not uncommonly, fragments of mastoid/temporal bone, and ossicular tissue may be submitted along with middle ear contents for microscopic examination. Normally, the mineralized ossicles are composed of dense lamellar bone with peripheral areas of cartilage surrounded by fibrous tissue and low cuboidal epithelium of the middle ear (mucoperiosteum) (Fig. 3i ). Bony erosion, remodeling and inflammation of ossicle occurring in the course of chronic OM may appear histologically similar to osteomyelitis, however the bone damage is usually limited to the delicate ossicles and treated with local measures. A search for the cartilaginous rim of ossicular tissue, along clinical correlation will assist in this distinguishing ossicular bone inflammation/damage from cases of true temporal bone osteomyelitis in most cases.
Differential Diagnosis
Middle ear glandular metaplasia can mimic middle ear adenoma, a gland forming neuroendocrine neoplasm. In the latter, there is more variability and complexity of the epithelial elements such as the formation of nests, cords, trabeculae, tubules and gland formation (Fig. 4a ). Synaptophysin positive, cytokeratin AE1/3 positive tumor cells of middle ear adenoma are plasmacytoid with a fine chromatin pattern. Identification of cilia would not be expected in the glandular proliferation of middle ear adenoma. Repeated cycles of inflammation and connective tissue fibrosis can result in reactive middle ear tissues composed of cellular stromal hyperplasia interspersed by glandular metaplasia (Fig. 3b-f ), an arrangement that can 1 3 mimic a recently described middle ear neoplasm, mixed epithelial and stromal tumor of middle ear (MESTME) [26] . MESTME is characterized by multiple bland epithelial cysts set within a cellular, ovarian-type stroma. Thus far, the immunohistochemical profile is non-specific. The reporting authors determined MESTME to be neoplastic on the basis of monoclonality, but too few cases are available to be certain of biologic potential [26] . In view of the hypercellularity of exuberantly inflamed, polypoid granulation tissue from the middle ear, one must remain vigilant for subtle clues of middle ear neoplasms that can mimic inflammatory or reactive tissue changes. For example, small crushed islands of middle ear paraganglioma may be inconspicuous within the inflamed fibroglandular and vascular stromal tissues and can be overlooked if areas of better preserved tumor are not identified ( Fig. 4b-e) . Similarly, the small hyperchromatic cells of embryonal rhabdomyosarcoma or the neoplastic cells of Langerhan's Cell Histiocytosis can be difficult to identify on routine stained sections alone and use of ancillary testing may be required to exclude these diseases in some cases. Aside from Langerhan's Cell Histiocytosis, the presence of numerous histiocytes, particularly when arranged in a sheet-like pattern with granular to vacuolated cytoplasm (Hansemann cells) has been described in aural malakoplakia, an extremely rare reactive process in the middle ear that represents a host reaction to an infectious process, most commonly bacteria. The presence of small calcified bodies with a targetoid appearance known as Michalis-Gutman bodies show reactivity to Prussian blue (iron) and Von kossa (calcium) staining [27] .
Treatment A combination of local/topical therapy, aural toilet and management of the middle ear granulation tissue and mucosa form the treatment foundation of chronic suppurative OM. Surgical intervention is almost always indicated [21] . 
Eosinophilic Otitis Media (EOM)
Background The term EOM was introduced over 20 years ago by Tomioka et al. [28] and is used to describe a separate and distinct form of OM. EOM exhibits a viscous, eosinophil-rich middle ear mucoid effusion, in which the majority of cases are bilateral and refractory to standard OM treatment [29] . In addition, EOM is a disease that primarily occurs in patients with a pre-existing history of bronchial asthma alone or a combination of bronchial asthma, and nasal polyposis with many patients also reporting aspirin intolerance (aspirin exacerbated respiratory disease). EOM is clinically significant in view of the risk of hearing loss, a risk much higher than expected in classic otitis media [29] . EOM occurs in adults between the ages of 50-60, with a slight female predilection [30] . Symptoms include otorrhea, tinnitus and diminished hearing. In most cases the disease is bilateral, although the condition is of the middle ear mucosa and is not necessarily identical between the two sides [30, 31] . A viscous, yellow-tinged mucoinflammatory effusion is present [30] . Hearing loss may be conductive in nature due to the formation of middle ear eosinophilic aural polyps that extend into the external auditory canal, along with the viscous mucoinflammatory otorrhea, although some patients may have sensorineural hearing loss or mixed hearing loss [31] [32] [33] .
Association of EOM with Aspirin-Exacerbated Respiratory
Disease (AERD) AERD, formerly Samter's triad, is constellation of bronchial asthma, nasal polyposis and aspirin sensitivity [34] . Otologic symptoms do not uniformly occur in AERD, but when present, the symptoms develop approximately 5 years after the onset of nasal symptoms. The development of otopathology may be influenced by the degree of AERD disease control [34] . Since the mucoinflammatory otorrhea and eosinophilic aural polyps appear histologically similar to mucoinflammatory sinonasal secretions and sinonasal polyp material it has been proposed that the 'one disease, one airway' model may not only apply to sinonasal and bronchial mucosa, but should be extended to include the middle ear mucosa as well [32] .
Histopathologic Findings
The fibroglandular tissue aggregates of EOM appear as dense fibrous and granulation tissue punctuated by dilated glands and/or mucin-rich pools. Low cuboidal or ciliated pseudostratified columnar epithelium with goblet cells line the middle ear mucosa and invaginate into the stroma [31] . Subepithelial tissues are inflamed, most often an acute and chronic eosinophil-rich inflammatory response is identified [35] . Eosinophils and CharcotLeyden crystals are present within detached mucoid debris or extracellular mucous identified dissection within middle ear tissues (Fig. 5a-e) [31] . Aural polyps with prominent eosinophilic inflammation may be present. No granulomatous inflammation or tissue necrosis is seen. The diagnostic criteria for EOM established in 2011 represents a combination of clinical and histologic findings (Table 3 ) [29] .
Differential Diagnosis Mucinous head and neck neoplasms such as mucoepidermoid carcinoma or intestinal-type adenocarcinoma may enter diagnostic consideration in view of the pools of mucin within tissues. In contrast to reactive middle ear epithelium with glandular metaplasia, mucoepidermoid carcinoma exhibits irregularly shaped nests or cystic structures composed of epidermoid, intermediate and mucous cells in varying proportion. Pools of mucin may also be seen in association with sinonasal intestinal-type adenocarcinoma. A large sinonasal intestinal-type adenocarcinoma can secondarily invade into the middle ear or external auditory canal, and at least one case of primary intestinal-type adenocarcinoma of the middle ear has been reported [36] . The appearance of neoplastic intestinal-type epithelium can be distinguished from middle ear mucosa by the elongated, hyperchromatic, and often crowded appearance of the epithelium (Fig. 6a-c) . Given the microscopic similarity between EOM and sinonasal allergic fungal sinusitis, GMS special staining may be employed to evaluate for fungal elements. EOM is expected to be negative for fungal forms and detection of fungal elements within the mucoid debris may suggest a different clinical spectrum from that of true EOM. For example, patients with fungal elements identified on GMS staining of middle ear allergictype/eosinophilic mucin are more likely to have unilateral chronic ear disease, but absent any prior history of bronchial asthma or even sinonasal polyposis, which stands in sharp contrast to EOM [37, 38] .
Treatment The optimal treatment plan is still being elucidated but currently involves topical and systemic steroids, use of antibiotics (where indicated), and in some severe cases, anti-IgE treatment such as omalizumab [30] . Control of underlying systemic pulmonary disease and/or aspirin desensitization can have a role for some patients [32, 39] . Removal of polyps may be indicated in some cases but other traditional surgical approaches are unlikely to control symptoms for long. The major risks with untreated EOM include progression to severe sensorineural hearing loss, and intracranial inflammation or infection [40] . The role of bacteria in EOM is yet to be clarified, and culturing of material may be warranted [30, 41] .
Otitis Media ANCA-Associated Vasculitis (OMAAV)
Background Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is a disease known to affect multiple organ systems and is characterized by necrotizing inflammation of small or medium-sized blood vessels. Three subtypes of AAV are recognized; granulomatosis with polyangiitis (formerly Wegener's granulomatosis), eosinophilic granulomatosis with polyangiitis (formerly Churg-Strauss syndrome) and microscopic polyangiitis [30, 42] . Aside from kidney and lung involvement, AAV is known to affect subsites in the head and neck. Recently, it has been proposed that AAV may present clinically as otitis media refractory to treatment, termed otitis media with anti-neutrophil cytoplasmic antibody associated vasculitis (OMAAV) [42] . When symptoms are localized to the ear, early and accurate diagnosis can be challenging. Adapted from Reference [29] Major criteria: otitis media (OM) with effusion or chronic otitis media with eosinophil-rich effusion Minor criteria 1. Highly viscous middle ear effusion 2. Refractory to conventional treatments for OM 3. Association with bronchial asthma 4. Association with sinonasal polyposis Definitive case: positive for major and at least two minor criteria Exclusion criteria: eosinophilic granulomatosis with polyangiitis (formerly Churg-Strauss syndrome), hypereosinophilic syndrome
Symptoms overlap with other forms of chronic otitis media such as otorrhea, tinnitus, otalgia and mild hearing loss and the process can be unilateral or bilateral [42] . OMAAV occurs most commonly in women over a wide age range, with a peak reported in the seventh decade of life [42] [43] [44] . In the latter population, a recent history of adult onset of ear symptoms in a patient without a history of prior ear problems, particularly when bilateral would be an unusual presentation for classic chronic otitis media. Neurologic findings include vertigo, hypertrophic pachymeningitis and/ or facial nerve weakness. In advanced cases, complete bilateral hearing loss is reported. On imaging the middle ear and/ or mastoid cavity exhibits opacification, most often without evidence of bone erosion [43] .
Histopathologic Findings
The low cuboidal middle ear epithelium may be present or epithelial hyperplasia, with mucous cell metaplasia identified. Subepithelial tissues can appear fibrotic, or as edematous granulation tissue, and acute and chronic lymphoplasmacytic inflammation is present. Giant cells and granuloma formation have been described but are not required features [45] . 'Blue necrosis' (geographic tissue necrosis) or collagenous necrosis is often seen (Fig. 7a, b) [43] . The pools of eosinophilic mucin and tissue eosinophilia seen in EOM are absent in OMAAV.
Differential Diagnosis Exuberant chronic otitis media (COM) could share some histologic similarities to OMAAV but would not be expected to show tissue necrosis or granulomatous inflammation. Identification of stromal fibrosis with lymphoplasmacytic inflammatory infiltrate may raise consideration of IgG4 related-sclerosing disease, but with few IgG4 plasma cells present in OMAAV the finding remains non-specific. The presence of chronic granulomatous inflammation prompts a broader differential diagnosis to include fungal infection, tuberculous otitis, sarcoidosis, foreign body, and otosyphilis. GMS and Acid Fast Bacillus (AFB) special stains should be employed but must be negative for organisms in OMAAV. The diagnostic criteria of OMAAV are delineated in Table 4 .
Serologic Testing
In patients with OMAAV, the most commonly reported positive serologic finding is MPO-ANCA. This is followed by a roughly equal proportion of patients ) exhibiting either PR3-ANCA positivity, or patients negative for MPO-ANCA and for PR3-ANCA ('double-negative'). Some patients with double-negative ANCA status may over time develop positive ANCA serology [43] .
Treatment It remains unclear whether OMAAV is best considered an otologic manifestation of systemic AAV, a unique subtype of AAV or a unique otopathologic entity, and these uncertainties make the treatment of OMAAV controversial. The disease is rare therefore more challenging to study, and there can be difficulty in confirming the diagnosis in some cases, particularly in patients negative for both MPO and PR3 ANCA. Once the diagnosis is established, most recommend management with corticosteroids and immunosuppressive agents [42, 43] as well as interdisciplinary otolaryngology/neuro-otology, neurology, pulmonology, rheumatology, urology, and ophthalmology evaluation [42] . Mortality associated with OMAAV is rare, but has been reported due to the development of subarachnoid hemorrhage [43] .
Otologic Post-inflammatory Sequelae
Tympanosclerosis
Background
Tympanosclerosis (TS) is a common post-inflammatory condition affecting the middle ear and tympanic membrane (TM) that occurs in response to chronic otitis media, chronic infection of the middle ear and/or trauma (Table 5 ) [46] . When only the TM is affected, the condition is [47] . Although the clinical and histomorphology of TS are known, the etiopathogenesis is not fully established. One hypothesis describes a chronically inflamed, hypoxic environment which leads to the production of free oxygen radicals, tissue injury and subsequent hyaline degeneration and calcification [46] . Damage to inflamed middle ear mucosa compromises function with subsequent impaired movement of inflammatory and/ or seromucoid exudate. Over time, maturation results in organization and sclerosis of tissues [48] . TS is a condition affecting patients older than 30 years of age, and the reported frequency varies from 3 to 62.9% and the broad range may be related to severity, extent of disease and method of assessment (clinical vs histologic confirmation) [46, 48] . TS can be an important clinical disorder when it results in impairment of sound transmission due to scarring and ossicular fixation [48] [49] [50] . Clinical examination reveals white semicircular or crescent shaped plaques which vary in consistency depending on the degree of calcification on the TM and clinically may show similarity to cholesteatoma in some cases [51, 52] . In the middle ear cleft, granulation tissue and thickened mucous membranes exhibit small punctate foci, or tan/white plaques of sclerotic tissue. Multiple sites (TM, middle ear and less commonly mastoid process) are involved in over 30% of cases [50] .
Histopathologic Findings
Thick, often curvilinear hyalinized bands are present within the subepithelial connective tissues, along with scattered granular deposits of dystrophic calcifications or areas of frank ossification [48, 52] . The surrounding mucosa exhibits granulation tissue, acute and/or chronic inflammatory cells and reactive changes in the middle ear epithelium such as epithelial hyperplasia or metaplasia (Fig. 8a-c) [52] . Associated findings in the submitted specimen may include cholesteatoma, cholesterol granuloma, or fragments of damaged tympanic membrane [48, 50] . Normally, the pars tensa of the TM is lined along its lateral surface by stratified squamous epithelium, and the medial surface by a low cuboidal, simple epithelium (Fig. 8d) . The collagenous zone positioned between these epithelial surfaces consists of a two layered fibrous matrix with radially arranged collagenous fibers toward the lateral aspect and a medial layer in which fibers are arranged circularly. This eosinophilic, band-like layered fibrous matrix in the TM may be the site of dystrophic calcifications or ossification in myringosclerosis possibly obscuring microscopic recognition of the tissue as TM (Fig. 8e, f) .
Differential Diagnosis Pathologic processes with microscopic findings similar to TS include the eosinophilic deposits of amyloid (Fig. 9a) . Unlike amyloid, the hyalinization of TS does not deposit around submucosal vascular channels, highlight with Congo Red, or exhibit apple green birefringence under polarized light exam. Where marked acute and chronic inflammation has disrupted the middle ear mucosa, disruption of the calcified TS fragments can perpetuate an inflammatory response including foreign body giant reaction (Fig. 9b, c) . In these cases, distinguishing TS calcification from that of exogenous calcified material related to a prior procedure/graft placement in the middle ear or eliminating the possibility of underlying temporal bone infection or osteonecrosis may be challenging [53] .
Treatment Treatment of TS occurs in the setting of treating underlying chronic otitis media and often involves the removal of inflamed, hyperplastic middle ear mucosa with TS plaques. Methods of TS prevention have not been fully established [47] .
Otic (Aural) Polyps
Background
An aural polyp (AP) represents a polypoid, non-neoplastic proliferation of inflamed granulation tissue arising from damaged middle ear mucosa that may be lined in part with epithelium exhibiting reactive changes. Most commonly, AP arise in the middle ear cleft in response to a longstanding local inflammatory process such as chronic otitis media ( Table 5 ). The otologic tissue specimen submitted as 'polyp' should be evaluated with the knowledge of the spectrum of diseases known to clinically mimic aural polyp disease ( Table 6 ). The significance of histologically confirmed AP is the association with active middle ear disease and the possibility of cholesteatoma [54] . The frequency of finding AP and cholesteatoma varies from 25 to 60%, and is important because the presence of cholesteatoma requires surgical intervention [55] [56] [57] . Although some have suggested that histologic examination of AP material can predict the presence of underlying cholesteatoma [58] , others investigators view this assertion with caution due to the possibility of a high false positive rate [59] , particularly where a clinicbased sampling method of AP is used. Keratinous debris or fragmented, superficial and inflamed samples of the medial aspect of the external canal lining has the potential to overlap with histologic features of cholesteatoma.
No definite age or gender predilection is noted. Patients present with otorrhea, conductive hearing loss, and depending on the location and size of the polyp a 'mass-like' sensation. Otalgia is uncommonly reported. On examination, a friable polypoid mass is identified and can originate from any part of the mucosa in the middle ear cleft or mastoid cavity [24] . External canal polyps are described, but most often these represent middle ear aural polyps extending into the canal through an existing a TM defect [60] . The majority of inflammatory polyps associated with chronic otitis media (with or without cholesteatoma) are unilateral [54] . Bilateral AP are uncommon, and most often occur in patients with EOM and aspirin exacerbated respiratory disease (AERD) [61] [62] [63] [64] . Rarely, bilateral aural polyps have been reported in association with HIV [65] .
Histopathologic Findings
Depending on activity of underlying disease, AP may consist of edematous, hypercellular granulation tissue rich in capillary sized vasculature or a less cellular, more fibrous core with a decreased vascular component. The tissue may or may not have associated lining epithelium (Fig. 10a, b) . When middle ear epithelium is present it can appear as cuboidal, or a reactive pseudostratified columnar epithelium with cilia, goblet cells or glandular metaplasia. The presence of keratinizing stratified squamous epithelium within a middle ear tissue biopsy may be reported as such with clinical correlation essential to ascertain the presence of cholesteatoma, similar to chronic suppurative OM [61] . Scattered eosinophils may be seen, but dense eosinophilia is regarded as unusual in inflammatory and may represent eosinophilic aural polyps [61] . Eosinophilic aural polyp is a non-neoplastic polypoid fibrogranulation tissue aggregate with pools of stromal mucin and numerous eosinophils that more closely resembles a sample expected from the sinonasal tract than from the middle ear cleft and occurs in the setting of eosinophilic otitis media (see Otitis Media) [61] .
Treatment
An aural polyp that clinically persists despite conservative treatment should be removed for histological examination [59] . Exploration in the operating theater allows for an adequate view of the TM, meticulous assessment for the presence of cholesteatoma, extent of middle ear disease, and avoids blind removal of polyp tissue that may be firmly adherent to important bony or neural anatomy [56] .
Intraoperative consultation with pathology may be requested to evaluate unusual clinical findings with the potential to impact intraoperative decision making [59, 66, 67] . When clinical, radiographic and/or histologic evidence confirms the presence of cholesteatoma, standard treatment is surgery as there is no predictable medical therapy known for the treatment of cholesteatoma.
Foreign Body and Foreign Body Reaction
Foreign Body
Background
Inanimate foreign bodies are the most common type of intraural foreign body (FB), but a wide range of animate foreign bodies are also encountered [68, 69] . Although diagnosis of intraural FB is primarily a clinical diagnosis, there are some considerations that may be of interest to the practicing pathologist. For this reason, a selected review of the general medical importance of ticks and mites and fly larvae ('maggots'), clinical features, specimen handling and reporting is presented herein. The medical significance of tissue infestation by ticks, mites and fly larvae is related to their role as biologic vectors of disease, mechanical vectors of disease and the locoregional tissue pathology that results as a consequence of parasitic behavior [70] . Ticks, particularly female ticks, are known as biologic vectors for diseases such as Rocky Mountain Spotted Fever, and Tularemia among others [70] . Fly larvae can act as passive carriers (mechanical vectors) of bacteria, giving rise to complications such as bacterial superinfection and tetanus [70, 71] . Local or locoregional complications of arthropod attachment TM or canal skin can occur as otalgia, bleeding, or local skin or tympanic membrane wounds. Rarely, facial paralysis or an acute ascending flaccid paralysis ('tick paralysis') can occur [68, 72] . 
Otoacariasis
The term otoacariasis refers to the presence of ticks or mites within the external auditory canal [73, 74] . Almost all ticks belong to one of two large families, Ixodidae (hard ticks, with a hard sclerotized dorsal plate) and Argasidae (soft ticks, with a leathery cuticle rather than a hard dorsal plate). Ticks from either of these families will bite human skin, but it is the hard ticks that are more likely to remain attached for long periods of time as they take a blood meal. The latter represents the period of greatest threat for disease transmission [70] . In the case of otoacariasis, the tick is clinically observed in the canal or on the TM and the diagnosis established. An improperly removed tick can result in a foreign body giant cell response to retained tick parts [68] .
Mites such as Sarcoptes Scabiei (scabies) and follicle mites (Demodex spp.) reside in the epidermis and folliculosebaceous units. Sarcoptes scabiei are the highly contagious agent of scabies, most commonly transferred by direct skin contact [70] . Scabies is accompanied by intense pruritus. The burrows in the skin appear clinically as short curved yellow-grey lines on the skin, commonly on the hands and feet, and skin scrapings are used to confirm the presence of mites. If skin scrapings fail to reveal scabies but the clinical suspicion persists, tissue sampling may show mites, eggs or scybala in the superficial layers of the epidermis. Coiled structures thought to represent the remnants of eggs (so called 'pink pigtail') within the stratum corneum are suggestive of scabies infestation (Fig. 11) . Most times, the face is spared in scabies, but in children and immunocompromised patients the face or even the external ear canal may be involved and when untreated, scabies typically persists and spreads [75] . Demodex spp. mites are saprophytic mites in hair follicles and sebaceous glands. In most cases they are nonpathogenic, but the use of topical steroids, co-existing dermatologic disease, or density of mites may be associated with enhanced pathogenicity [76] . Mites within the ear canal can cause symptoms such as pruritus or clinical manifestations similar to chronic otitis externa [76, 77] . Mites have also been implicated in otophyma, and similar to nasal enlargement seen in rhinophyma, there is clinical enlargement of the external ear in otophyma, which can clinically resemble chronic otitis externa. Microscopically, otophyma is composed of dense fibrous tissue, perivascular and perifollicular lymphohistiocytic infiltrate, and granuloma formation. Demodex spp are found in the apopilosebaceous units [77, 78] .
Aural Myiasis
Some larval species are used for medical debridement, however the focus of the current review is to examine myiasis as it relates to non-therapeutic infestation of live host tissue, human or animal, by dipterous (two-winged) fly larvae in the external canal and middle ear (aural myiasis or otomyiasis). Myiasis can be categorized ecologically using the relationship between the host and parasite (obligatory, facultative, accidental) or categorized by the affected site of tissue invasion. In obligatory myiasis, fly larvae depend on healthy host tissue for its development requirements which is in contrast to facultative myiasis, where feeding occurs on decaying or necrotic tissue. Accidental myiasis occurs when eggs or larvae are unintentionally ingested but survive this event and continue to proliferate. From a clinical standpoint, establishing the nature of the parasitic relationship may be difficult and clinical categorization using the site affected by myiasis is more useful and familiar. Cutaneous myiasis, particularly within existing wounds, is the most common presentation among other described sites such as enteric, ocular, nasopharyngeal, aural, oral and urogenital myiasis [70, 71] .
Female flies are attracted to olfactory queues associated with wounds, decaying or necrotic tissue and settle in these tissues to deposit eggs. Risks for myiasis in general include one or more of the following: tropical geographic location, poor hygiene, low socioeconomic status, crowded living conditions, a debilitated state and/or presence of condition that limits the ability to protect oneself from flies settling on skin surfaces [70, 79] . Head and neck human wound myiasis is rarely reported as originating in the United States, and the presence of an underlying cutaneous malignancy represents the most common association [79] . Within subsites of the head and neck, aural myiasis is very rare [69, 80, 81] . Worldwide, the two most common types of larvae associated with aural myiasis are flesh flies (sarcophagidae) and blowflies (calliphoridae) [69] . Affected patients report otalgia, otorrhea, tinnitus/aural noise such as crackling, or the sensation of movement in the ear. When aural myiasis is identified clinically, the integrity of the TM and evaluation of adjacent structures is critical due to the possibility of tunneled channels that may compromise inner ear, brain, sinonasal passages/globe and vascular channels with the risk of massive hemorrhage [82, 83] . Treatment of aural myiasis is debridement of larvae and associated non-viable tissue (Fig. 12) . Recurrence can occur but is uncommon [80] . Fly larvae can represent mechanical vectors of bacteria, therefore consideration of antibiotic therapy, tetanus prophylaxis or formal infectious disease consultation may be prudent [71, 79] .
Transport of Animate Foreign Body
To preserve macroscopic morphology of the arthropod, the extracted FB should be placed in 70-90% ethanol [70] or 70% isopropyl alcohol [71] . Formalin can be used but is less desirable it alters the properties of the FB, and may increase difficulty in processing [70, 71] . Classification of the arthropod may be more valuable to patient care than reporting of histologic findings, therefore when only a single arthropod is received (ex. single tick) in the pathology lab within other submitted tissues, it may be advisable to grossly identify the FB and record relationship, but submit the FB separately to the microbiology lab for classification (see Reporting, next) [70] . Mites and some cases with innumerable fly larvae may be largely inseparable from tissues and processed for routine histopathologic exam if microscopic documentation is also desired.
Reporting of Animate Foreign Body
Identifying and characterizing arthropods received in the lab can be challenging due to the diversity of the specimens, infrequency of request, and relative level of expertise in any one laboratory. Ticks and mites should be reported to the level of the genus, but species level if possible. Female ticks are more likely to take a blood meal and reporting the tick gender may be important. Evaluation of myiasis-causing larvae should at least include the classification of the larval family. Accurate reporting of the species of larvae may be difficult, and this, or identification of any other arthropod that falls outside the purview of the lab expertise could be referred to state or local health departments, university or veterinary programs with entomologists or parasitologists for examination and reporting. Identification of larvae engaged in obligatory myiasis may be important from a public health perspective [70] .
Myospherulosis/Foreign Body Reaction
Background
Myospherulosis is a foreign body reaction first described in 1969 by McClatchie et al., and named for its spheruloid histologic features [84] . Although initially suspected to represent a fungal or other infection, myospherulosis has subsequently been confirmed to arise as a result of an interaction between erythrocytes and petrolatum, lanolin and other lipid-rich materials [85] . The year 1977 marked the first description of myospherulosis within sites of the head and neck (sinonasal and middle ear) [86] . Myospherulosis of the middle ear/mastoid occurs in patients with chronic ear disease and most often, a prior surgical procedure on the affected ear (Table 5) . It is a clinically significant condition because it is preventable, is associated with symptoms such as otorrhea and otalgia, has space-occupying clinical or radiographic features that creates confusion with middle ear infectious or inflammatory processes, and the current recommended treatment is surgical excision [86, 87] .
Histopathologic Findings
At low magnification, isolated and/or clustered small and large rounded pseudocystic spaces are identified within mild to moderately inflamed dense fibrous connective tissue. At higher magnification, many of the pseudocystic spaces are devoid of contents, while others contain scattered red-brown spherical bodies representing the altered red blood cells, along with scant debris. When the red blood cells ('endobodies', 5-7 µm) are closely packed within a pseudocyst ('parent body', up to 250 µm), the arrangement resembles a partly filled bag of marbles-a finding noted in the original description of myospherulosis [84, 88] . Foreign body giant cells with a compressed and flattened appearance line the edges of the pseudocysts, and a mild to moderate lymphoplasmacytic infiltrate present within fibrous connective tissue (Fig. 13a, b) [84, 87] . Histiocytes and lipogranulomatous inflammation may be identified [89] . Myospherulosis is negative for polarizable exogenous material but detection of small flecks of polarizable exogenous material representing prior surgical site changes in the adjacent fibrous connective tissue wall would not preclude the diagnosis. Special stains GMS and PAS are negative in the endobodies. 
Differential Diagnosis
Organisms such as rhinosporidiosis, coccidiomyosis and occasionally cryptococcus, enter the differential diagnosis due to their rounded, spheruloid appearance. Useful criteria to differentiate these infectious processes include assessment of the apparent size of the sporangium (enclosing parent body), and the internal endospores. The sporangium of rhinosporidium measure 250-300 µm, and the enclosed endospores of rhinosporidiosis can measure 6-10 µm, similar to myospherulosis, however GMS staining would highlight the organisms in rhinosporidiosis. Coccidiomycosis is smaller, with sporangia of 30-60 µm and endospores measuring 2-5 µm [86] . Though cryptococcus exhibits a sheetlike growth rather than sporangium/endospore arrangement, the small sized spherules within hemorrhagic tissue spaces can appear similar to myospherulosis (Fig. 14a) , however similar to other true fungal forms, will demonstrate a positive reaction to GMS, PAS and/or mucicarmine special stains.
A spectrum of autograft, homograft and synthetic materials have been utilized over the past several decades as components of tympanic membrane or ossicular grafts [90] . A fragment of failed synthetic graft material from the middle ear, particularly porous polyethylene (Plastipore®) or thermal fused high density polyethylene sponge (Polycel®) can mimic the multicystic spaces of myospherulosis. The histologic appearance of the material is related the average pore size at 250 µm, and associated inflammatory infiltrate including giant cells, however rarely internal endobody formation is seen [91] . Polarized light exam will further distinguish synthetic ossicular graft material as sheets of polarizable material (Fig. 14b-d) . The presence of sheets of polarizable material is not a feature of myospherulosis. 
Treatment
In the middle ear, myospherulosis is treated by removing the affected tissue and diseased mucosa under operating microscope guidance. Recurrence is rare [85, 89] .
Fungal Diseases of the Ear
Introduction
Agents responsible for aural fungal infection include molds such as Aspergillus niger, Aspergillus fumigatus, Aspergillus flavus; and yeasts such as Candida albicans and Candida parapsilosis. In the skin lined elements and apopilosebaceous apparatus of the ear, Trichophyton spp. occur [92] . While considered rare, Candida auris is highlighted here as it was initially identified in the external auditory canal and represents an emerging public health threat. First identified in 2009, Candida auris was isolated from the discharge material in the ear canal of a hospitalized, elderly patient in Japan [93] . Since that time, C. auris has demonstrated the ability to cause outbreaks in healthcare settings, multidrug resistance and accurate identification remains a challenge. In the US between May 2013 and August 2016, C. auris was isolated from seven immunocompromised patients, one with known skull base osteomyelitis [94] . To assess and study the disease in this country, the Centers for Disease Control (CDC) issued a clinical alert in June 2016 with a request for formal reporting of cases of C. auris aimed to identify probable and confirmed cases in each state [94] . As of March 31, 2018 the CDC confirmed 257 cases of infection related to C. auris in the United States and documented over 475 patients known to be colonized with this pathogen https ://www.cdc. gov/funga l/disea ses/candi diasi s/track ing-c-auris .html. The nature of the relationship between this organism and the ear and temporal bone disease awaits further study.
Types of Aural Fungal Infections
Otomycosis
Most commonly, the term otomycosis is used to refer to superficial (non-tissue invasive) mold or yeast infections present in keratinous debris within the EAC [92] . In this sense, otomycosis can occur under the same conditions that predispose to bacterial infection of the EAC, such as changes in the local canal moisture, alterations in the cerumen layer, and/or local trauma. Fungal otitis externa, synonymous with otomycosis, can evolve during or after antibiotic treatment of acute bacterial otitis externa due to selective pressures on the microbial environment, or recent use of topical steroid in the external ear.
Although the term otomycosis usually refers to noninvasive fungus detected within the external canal, it can be applied to characterize the histologic finding of non-invasive fungal forms within middle ear, and in this setting it is most frequently identified in the keratinous debris of middle ear cholesteatoma [95, 96] . In patients with chronic suppurative OM (with or without cholesteatoma) the presence of persistent or recurrent otorrhea macerates the canal epithelium, optimizing local conditions for fungal growth within the ear canal. The defect in the TM allows fungal elements to enter into the middle ear tissues including keratin debris of cholesteatoma [92, 95] . The significance of mucoinflammatory debris (appearing microscopically similar to eosinophilic otitis media) within the middle ear/mastoid associated with fungal hyphae is not well described, but appears to occur in patients with long-standing chronic ear disease and may represent a form of hypersensitivity to the fungal elements in otomycosis [37, 38] .
The primary symptom of classic external canal otomycosis is pruritus but otorrhea may also be reported. On examination, the skin of the canal is edematous, erythematous, and commonly reveals thickened white or grey debris which may have dark punctate flecks within the material along the canal [92] . The clinical diagnosis of classic otomycosis can be straightforward, requiring only clinical history and recognition of fungal debris present within the EAC on otoscopic examination. Other cases may more closely mimic bacterial infection or dermatologic conditions and thus be more problematic to accurately identify by clinical exam alone. In these situations, tissue samples may be sent for histopathologic examination to search for fungal elements in the stratum corneum and/or samples of tissue, debris or secretions in the canal can be submitted for culture [92, 97] .
Histopathologic Findings
The routine processing of tissue specimens from the canal, TM, or middle ear/mastoid cholesteatoma can be evaluated for the presence of fungal forms in the stratum corneum, keratinous debris of follicular structures or within the cholesteatoma. In full thickness sections of external canal epithelium, the tissues may exhibit acute and chronic inflammation in response to fungal overgrowth. Special stains such as GMS or PAS are helpful in highlighting fungal elements. There should be no infiltration of fungal forms into supporting tissues such as stroma, bone, cartilage, nerve or blood vessels [92] . Occasionally, the matted debris is curetted from the external auditory canal and submitted for microscopic examination. Tangled masses of fungal hyphae, bacteria, inflammation and scales of keratinous debris support the diagnosis of otomycosis (Fig. 15 a,b) .
Treatment
Superficial fungal infections/chronic colonization of the external ear is managed with debridement of the fluffy white-to-dark material, topical antifungal treatment and management of any contributing factors if present [97] . In the presence of a TM defect, the ototoxic potential of any antifungal agent must also be considered. The significance of otomycosis has long been controversial since it most often represents an innocuous event, easily treated once recognized.
Acute Tissue Invasive Fungal Infection
Although an uncommon occurrence, an acute tissue invasive fungal infection can involve the ear and surrounding tissues particularly in an immunocompromised host. Immune compromise may be related to any number of disorders such as hematolymphoid malignancy, transplantation, diabetes or HIV. Aspergillus is most frequently identified, while Mucorales genera is less common in this site [98, 99] . Clinically, an ulcerated lesion on the skin of the tragus, periauricular skin or a site of injury is present and malignancy, viral lesion or fungal infectious processes are high on the clinical differential diagnosis. The diagnosis must be confirmed by tissue biopsy where histological features include identification of fungal elements within deep tissue planes, tissue necrosis, ulceration, and the possibility of angioinvasion. Treatment of an acute tissue invasive fungal infection consists of debridement, and systemic antifungal therapy. Material for fungal culture may be helpful in selecting appropriate fungal therapy in this group of patients, particularly those who may have limited renal or hepatic reserve due to comorbid conditions.
Fungal Necrotizing Otitis Externa
Clinical features of fungal necrotizing otitis externa (F-NOE) are similar to NOE caused by bacteria, though F-NOE may represent a more aggressive form of NOE [100] with higher rates of seventh cranial nerve damage, and reduced 5 year survival compared to non-fungal NOE [101] . It has been suggested that the presence of fungal pathogens and/or pathogenicity of some including Aspergillus sp. is enhanced by disrupting bacterial flora in the course of recent or concurrent antibiotic treatment related to NOE [101, 102] . F-NOE, in contrast to the acute invasive fungal infection of otologic tissues described in the preceding section, may represent more of a chronic form of tissue invasive disease. With overlapping clinical features and culture negative NOE, the question remains how to best identify a patient affected with F-NOE. A high index of suspicion is required and F-NOE, or shift from bacterial related NOE to F-NOE may be suspected in cases where clinical response lags or begins to plateau with worsening of clinical symptoms worsen despite adequate antibiotic therapy. Deep tissue biopsies can be helpful for in providing repeat culture material and to evaluate tissue for the presence of fungal elements on tissue sections. In the face of clinically refractory disease with negative cultures but a persistent clinical suspicion of F-NOE, material for ELISA or PCR assay has been reported as successful in fungal detection and identification [4, 92] .
Conclusion
In conclusion, the present review of non-neoplastic conditions affecting the external and middle ear tissues highlights not only the overlapping features, but where possible, the unique clinical and histologic features are identified to facilitate interdisciplinary communication and care of the patient with otologic disease.
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